A major PvuII satellite DNA has been cloned from a South American octodontid rodent of the genus Ctenomys (C. porteousi). The satellite monomer, termed RPCS, is 337 bp in size and 42% G+C. Analysis of the nucleotide sequence demonstrates that RPCS is not composed of a series of shorter repeats. RPCS-related sequences were found in 11 of 12 Ctenomys species analyzed by hybridization under highstringency conditions. The only negative species, C. opimus, was reactive under low-stringency conditions. RPCS-related sequences were not found under high-or low-stringency conditions in Calomys musculinus and A4us musculus. However, under low-stringency conditions, RPCS-related sequences were found in the octodontid Octodontomys gliroides, which is thought to have diverged from the genus Ctenomys more than 10 Myr ago. The pattern of periodicities observed, by restriction analysis, between Ctenomys species in the satellite array can be mainly accounted for by a rolling-circle amplification mechanism but cannot be solely accounted for by unequal crossing-over.
Introduction
South American caviomorph rodents of the genus Ctenomys are the most numerous species of all fossorial rodents. This genus is a typical example of an explosive cladogenesis that took place during the Pleistocene and which led to about 55 living species. It has been suggested that this explosive speciation process was triggered by chromosomal rearrangements (Reig 1989; Reig et al. 1990 ). Species of Ctenomys have the highest rate of karyotypic differentiation shown by a mammalian genus, with diploid number varying from 10 to 72. Therefore, Ctenomys is an attractive model to study molecular mechanisms of speciation. On the other hand, there exists a growing recognition that much of the evolutionary history of eukaryotic genomes reflects the operation of turnover processes involving repetitive DNA sequences and that speciation may be a consequence of such turnover (Rose and Doolittle 1983 ) .
Taking these considerations into account, we initiated a study on the putative role of repetitive DNA sequences in the speciation process of the genus Ctenomys. The present paper describes the isolation and characterization of a major family of repetitive DNA in these rodents.
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Material and Methods

Specimens
We studied the DNA of an individual from each of 12 species of Ctenomys and from one specimen each of Octodontomys gliroides, Calomys musculinus, and Mus musculus for comparison. With the exception of M. muscuhs, obtained from a laboratory colony, all specimens were caught in the wild by using live traps. Skin and skull voucher specimens of all of them were deposited in the Collection of Mammals of the Municipal Museum of Natural History of Mar de1 Plata. Geographic locality of the collected specimens, all from Argentina, are as follows (t.1. = type locality): Ctenomys azare (Luan Toro, La Pampa), Ctenomys australis (Necochea, Buenos Aires, t.l.), Ctenomys argentinus (Colonia Ramirez, Chaco, t.l.), Ctenomys latro (Tapia, Tucuman, t.1.) , Ctenomys talarum (Necochea, Buenos Aires), Ctenomys tuconax (El Infiernillo, Tucuman ) , Ctenomys occultus ( Monteagudo, Tucuman ) , Ctenomys opimus (Tres Cruces, Tucuman), Ctenomys cf: perrensi, 2n = 54 (Salada, Corrientes), Ctenomys cf perrensi, 2n = 58 (7 km ENE of Salada, Corrientes), Ctenomys porteousi ( Bonifacio, Buenos Aires, t.l.), and 0. gliroides ( Tilcara, Jujuy ) .
DNA Extraction
Liver pieces were extracted by excision and were suspended in a buffer containing 100 mM Tris-HCl, 10 mM ethylenediaminetetraacetate (EDTA) , 100 mM NaCl, 1% sodium dodecyl sulfate (SDS), and 150 pg of proteinase K/ml, pH 7.8. This suspension was incubated for 6 h at 55°C. After this, half a volume of 7.5 M ammonium acetate was added. The DNA was precipitated from this solution by adding two volumes of ethanol. After centrifugation, the pellet was vacuum dried and was resuspended in sterile water. This ammonium acetate-ethanol precipitation was repeated twice. Finally, the pellet was resuspended in sterile water and stored at -20°C until use. Plasmid DNA was purified according to a method described by Bimboim and Doly ( 1979) .
Enzyme Digestion and Gels
The DNA was digested with restriction enzymes (Bethesda Research Laboratories) according to the instructions of the manufacturer. The DNA fragments were separated in 1% agarose gels made up in Tris-borate-EDTA buffer (Maniatis et al. 1982 ).
Blotting and Hybridization
Agarose gels were denatured, neutralized, and blotted according to the method described by Southern ( 1975a) , by using nylon membranes (Pall Byodine). Prehybridization and hybridization were performed in a solution containing 6 X standard saline citrate (SSC) ( 1 X SSC = 0.15 M NaCl, 0.0 15 M trisodium citrate, pH 7)) 100 pg of salmon DNA (Sigma, USA)/ml, 0.5% SDS, and 0.3% nonfat dry milk. Labeled DNA probes were hybridized with the DNA immobilized on the membranes for 18 h at 60°C. Then the membranes were washed five times at 60°C in 6 X SSC (low stringency) or 0.1 X SSC (high stringency) and 1% SDS. Hybrid DNA was detected by autoradiography, using 3M X-ray films and Du-Pont Lightening Plus screens.
Labeling of DNA
The DNA was labeled with (alpha-32P) to a specific activity of 10 * cpm/ kg by using the nick-translation procedure (Rigby et al. 1977) . 
d) RPCS-related Sequences in the Genus Octodontomys
Species of Ctenomys are members of the subfamily Ctenomyinae of the Octodontidae, which includes other genera of surface dwellers, such as Octodontomys, grouped in the subfamily Octodontinae.
We analyzed the presence of RPCS in the only species of this genus ( Octodontomys ghides),
The hybridization analysis under relaxed conditions demonstrated that RPCS-related sequences were also present in Octodontomys ( fig. 7) . However, the PvuII pattern in this case was different from the one observed in most of the Ctenomys species. This pattern shows the tetrameric and pentameric forms as the most abundant and very small amounts of the monomeric form.
Discussion
The tandemly repeated 337-bp Cfenomys satellite RPCS does not appear to have arisen from a replication-slippage process, since extensive internal identities were not found. This fact suggested that the amplification process, in this case, was initiated by amplification of a protosequence similar in size to RPCS. Sequences related to RPCS were found neither in the cricetid Calomys mumdinus nor in the murid Mus musculus, both ofwhich also belong to the suborder Myomorpha ofthe Rodentia. By contrast, RPCS-related sequences were found in all studied species of Ctenomys and in Oclodontomys gliroides, both of which belong to the family Octodontidae of the Caviomorpha and which, according to the fossil record, diverged t 10 Myr ago (Reig et al. 1990 ). However, there is a striking difference between the tandem repeats of RPCS of Octodontomys and those of Ctenomys. In the former, the monomen are absent in the PvuII restriction pattern, while in Ctenomys they are the most abundant molecular species. Walsh ( 1987) . A, Ancestral sequence with a SVUII site amplified by unequal crossing-over. This tandem array undergoes an intrastrand exchange resulting in the formation of a circular plasmid carrying monomers with the PvuII site. This plasmid is replicated through a rolling-circle process which therefore amplifies a particular section of the original tandem. Finally, the amplified sequence is reinserted into the chromosomal DNA into the original tandem. B, Periodicities generated by local amplification of monomers containing mutations which afIii restriction patterns.
ancestor of the Ctenomys. This amplification continued after the initiation of the explosive cladogenesis which led to the multifarious speciation of Ctenomys (Reig 1989) . However, the rate of amplification was different for different Ctenomys lineages. We think that most of the amplification was a consequence of the creation of circular plasmids by intrastrand exchange followed by rolling-circle replication and reinsertion, mostly at homologous sites (for a discussion of why the unequal crossing-over process may not be sufficient for subsequent amplifications, see Walsh 1987 ) . However, the reinsertion occasionally occurred at nonhomologous sites which became hot spots for future reinsertions. Satellite periodicities were the result of the amplification of monomers containing mutations that suppressed the PvuII sites ( fig. 8B ). Expansion of monomers containing mutations that create other restriction sites (i.e., EcoRI or HaeIII sites) were also the result of this same local amplification process (also see Hiirz and Zachau 1977 ). This amplification model has been previously proposed by Walsh ( 1987) , and we think that it is the one that best fits our results.
Ctenomys are the mammals with the highest level of chromosomal differentiation. Karyotype numbers for Ctenomys species vary from 2n = 10 to 2n = 72. On the basis of the known fossil history of Ctenomys, it can be confidently estimated that the highly extensive speciation of this genus occurred during the Pleistocene, within a span of 1.8 Myr (Reig et al. 1990 ). This is also the span of the high rate of chromosomal evolution observed in this genus. This extremely high rate of chromosomal repatterning 350 Rossi et al. related to the explosive species diversification is only partially explained by the known population structure of Ctenomys. Present theories of chromosomal evolution (see Sites and Moritz 1987 ) are insufficient to explain multiple fixation of chromosomal changes under the known rates of chromosomal mutation. A dynamic process of DNA amplification, as suggested by our present results, may have acted as a triggering factor for high rates of chromosomal repatterning. However, direct evidence of this is still lacking.
